This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not hmited to): 
BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK And WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



® 



J 



Eur paisch sPatentamt 
European Patent Office 
Office europ^ nd sbr v ts 



Publication number: 



0175412 

A2 



® Application number: 85201411.7 
® Date of filing : 05.09.85 



EUROPEAN PATENT APPUCATION 

@ Int. CM: c 09 K 7/02 



® Priority: 11iI9J4 QB»K2912 



® Date of puWicatton of appHoation: 26.03.86 
Bullattn 86/13 



® Designated Contracting States: 06 IT ML 



® DrIHIng fluid. 

@ A driRtng fluid comprising: 

a) at least one potymeric visoosifrer 

b) at least one polyjnenc Quicl loss reducer 

c) at least one high molecular weight organic polycationic 
polymenc coagulant and/or fiocculant 

JThe o^ective of fte piaaant lnvigi8mTsnto"^^lh(r 
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po^Bties of coagulants or flooculants for the impfovemant of 
solids removal from the (Mling fluid. v^wenienioi 
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The inverttim relates to a drilling f iGid conprising: 

a) at least one polymeric visoosif ier 

b) at least one polymeric fluid loss reducer 

c) at least one high molecular weight organic polycationic 
p olym e ric coayulant and/or f loccuJ.ant : 

m this plication by a hi^ nolecular weight is meanta 
nolficmar v«i^ in the range fran 500,000 to 15,000,000. 

«hen drilling subterranean wells such as, for exanple, oil 
or gas «ells, the rotary drilling i3 

The rotary drilling method utilizes a bit attached to a drill 
stm, and a drilling fluid or "Wl- which is circulated through 
the drill stem to the bottom of the bor^u where it is ejected 
through small ,^>enii^ in the drill bit. The fluid is then 
returned to the surface through the annular spacm between the 
drill sten c«d the borehole wall, or casing if one has been 
iaatalled. ppon rea^g the surface, the drilling fluid or 
-iwd- is ordii«rily treated to renove cuttings obtained from the 
borehole, and is then recirculated. 

Drilling fluids serve many functions, and should therefore 
possess a nunfcer of desirable jiysical and rheological pn=per- 
ties. For example, the visoosif of a drilling fluid should be 

g^^jg^jto^ermit it to effecti vely tr ansparf hit cutt ln gu 

from the bottom of the borehote to the surface for removal. A 
drilling fluid should also prevent excessive amounts of fluid 
25 from flowing from the borehole into surrounding formations by 
depositing on the wall of the hole a thin but substantiallv 
i^tpervious filt^ cake. In addition, a drUling fluid should be 
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able to hold solids in suspension, preventing their return to 
the bottcm of the hole vfhen the circulation is reduced or 
tenporarily interrtjpted. Hhxs property can be obtained by 
utilizing acUiitiviss whicii wiU iitpart a gel structure to the 
5 drilling fluid to increase viscosities. The gel structure, 
however, is preferably sadi that cuttings can be renoved from 
the drilling fluid by passing the fluid throng filtration 
equipment such as a shale shaker and/or sand cyclones prior to 
recirculating the fluid to the drill bit. A drilling fluid must 

1(3 also exert pressure on the surroundii^ fornations, thus preven- 
ting possible ooll^jse of the boretole or influx of highly 
pressurized oil or gas in the formtiono Finally, a drilling 
fluid should serve as a lubricating and cooling agent for the 
drill string and the bit. 

15 Drilling of easUy diqpersible fcamations such as shales, 

marls and dialks oftai pcesents a problaQi in mud solids control. 
Drilled solids disintegrate in the drilling fluid while being 
transE»rted to surface and tie-fines thus careated axe very 
difficult to reaoveo A bwild-tp of fines is the consequence and 

20 leads to si inaeased viscosity of the drilling fluid and a 

decreasei rate of penetration of the drilling cperaticn. Ulti- 
mately xmd dilution is required to reoondition the mud or 
drilling fluid. 

Accepts methods to ocnbat drilled solids disintegration 
25 are the application of enospsulating polymers and/or inhibiting 

saltSo Ihese chemicals partially prevrnt dianTri^igi^t ^ 

cuttings and so delay the build-i?) of fines. In easily disper- 
sibte fianratloas however, mud diluticai will be unevitable in the 
end« 

30 Instead of, or in additim to preventing drilled solids 

disintegration, agaregataon of fines ccaald weU be ben^icial to 
solids resQoval* 

to objective of the presait invention is to assess the 
possibiUties of flxxsculants for the inprovemsnt of solids 
35 rsnoval from drilling fluids. 
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In particular the raioval of f locxailated shale fines over 
sieves is an c±»ject of the present invention. 

/plication of coagulants and/or flocculants serve the 
purpose of destabilizing a suspension. Discrete aggregates are 
formed, that are easier to separate from the fluid by settling, 
sieving, filtration, flotation, oentrifugation or other sepa- 
ration matiiods. 

terms flocculation and coagulation are defined as 

follows. 

Coagulation is used for the aggregation process, brought 
about primarily by a reduction of tiie repulsive potential of the 
electrical double layer of shale particles. Flocculation is used 
fbr the formation of a randan loose floe structure, usually 
brought about by high molecular weight polymers. It should be 
noted that some polyelectrolytes act both as a coagulant and a 
flooculant. 



tte use of f erri and aluminium salts as coagulants is known 
and widely applied. High molecular weight polyelectrolytes 
however have proven to be more efficient in mary ^Ucations. 

nie ctoioe of a coagulant and/or flooculant for inpnvenent 
of a certain separation process depends on 1) the type of 
separation 2) type and 3) oonoentration of suspended solids and 
4) the nature (coitpDsition) of the suapeaiding fluid. Especially 
in case of polyelectrolytes, it is very difficult to base such a 
25 choise an gsieral ^^afetical cjoieidafaticns. 

Solid/Uquid separation with the aid of coagulants and/or 
flocculants is a comann process in waay industries, e.g. waste 
water treatment, water clarification, mineral ore separation, 
P^)er m a k i ng, o U /w a t e r sq aar ation e tc 



The characteristic demands of drilling fluids are the 
fbllowing: 
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i' Selectivity 

Ofterir drilling fluids oontain two types of solids; those 
added on purpose for increasing viscosity, fluid loss 
r e du c tio n and density inprcvenent, and formation solids, 
•5 produced while drilling. The organic polycatioaiic polymeric 
f looculant or coagulant applied according to the invention 
enhances the removal of drilled solids, but does not 
interact with soluble mud additive (s) . 
±± — coRpatlblttty — — — — — - 

10 Soluble mud additives and f locculants and/or coagulants 

should be fully ocRpatible, The flocculating prqperties 
shcffiOd not he afft cte d tn^ aflSitiv^ aM rteological arri 
flxAA loss pei^e^ties nofe ty the flooculant md/or coagulant, 
m the poresent f ontulaticn o c npri sing hl^ molecular weio^ 

15 polycatiosiic polymers, such antagcEEsistic .interactic»i does 

not exist, 
iii Floe strength & size 

Flbcs are formsd either downtole, vrf^ere fines are created, 
if the flooculant is an intrinsic conpor^t of the fluid, 

20 or in the f lowline if the flooculant is ^rie^ there at a 

ba l an ced rate. In both cases a certain amount of viscous 
shear is exerted on the floes. Further sedhanical shear 
takes place on sieves (shale shakers) being used for 
regenerating the circulating driUing fluid. Flooculant 

25 plication is only sucoessfol if the Sees stay reasonably 

• in ta ct during the tr a n s port and separation process. 

Another inportant parameter is floe size. If only very 
small floes are f onned, a gelly-like substance is 
develxsped, plugging off the sieves. The present high 

30 molecular weight organic polycationic polymeric flocculant 

is able to create reasonably strong and big floes, being 
several millimetres in diasteter. 



U I / Of I ^ 

IV Dispersion 

During drilling of dispersible fomatiQns, big cuttings 
will be produced. A flooculant should not enhance t±ie 
diversion of these cuttings and should preferably be 
oQBpatible vdth cutting encE?»ulating polyitErs, preferably 
present in the drilling fluid. A oonbination of oAtiitg 
encapsulation and fines aggregation vwuld of course give 
the optimal drilling fluid for easily dispersing formations. 
Also erosion and/or swelling of the borehole «all should 
not be enhanced by a flocculant or a coagulant. 
'She present high molecular veight cationic polymers meet 

these reouijenienfcs. 



^ princd|>le the polycationic flocculants can be used for 
aggregation of neny t^es of fine suspended solids, such as 
shales, marls and chalks. 

TcadiaonaUy, bentonite car other cl^ solids have been 
utilized to increase the viscosity of the drilling fluid. Otoday 
however, there is a growing belief that bentonite or.clay 
suspensions have serious limtations as a drilling fluid base. 
■Bae rhKJlogy of bentonite-based fluids is such that the 
IVdraulic horsqxswer deUvered to the bit at a given surface 
pressure is significantly less thaa with drilling fluids con^ 
tainlng certain polymers. Ihe lower viscosity and/or solids 
content of these polymer nuds result in a faster bit penetration 
rate which in turn decreases tiie drilling costs. Oherefiare the 
drilling fluid aocarding to the Invention contains at least one 
polymeric visoosifier including, far exanple: cellulose ocoh- 
pounds such as carixscyethyl cellulose, caiixflcyiBathyl cellulose, 

carfxKynetiiyl hydroKyet hyl cellulose, hy dro yalkyl cellulos es, 

alJej^lI^rarojQ'aljQFl-cgaul^ alicyl celluloses, and aUcylcaxbajq^ 
allqrl oeUolxDsesf polyacrylamidas; natural galactomannans such 
as guaif gum, locust bean gum, and gums derived fron endosperm 
seeds; stanaies and various other polysaccharides, such as the 
heteropolysaocharide obtained from Pseudomanas sp. NCIB 11592, 



-6- 0175412 

khoMn by its registered trade name Shellflo-S. The cxancentraticn 
of the polymeric viscx)sifier(s) is paceferably in the range frtan 
1 to 50 g polyneric viscsosif ier per litre of carilling- fluid. 

As mentio n ed hereinbefore the drilling fluid according to 
5 the invention contains at least one polymecic fluid loss xeduoer. 
Suitable polymeric fluid loss reducers are (pregelatinized) 
starch, gums, polyanicanic cellulosic polymer, sodiiatpoly- 
acrylcnitrile, sodiurnca2±«xyipethyl cellulose said sodiOTpoly- 
acaylate. I^f^ably the drillii^ £Lxttd contains frm 1 to 50 g 
id polym^ic fluid loss reducer per litre of drilling fluid. 

AdvantageMsly in the drilling fluid acoording to the 
invention at least one eno^jsulatlng polymer is present in order 
to improve the separation of fine drilled soUds firam the 
circolatin? drilling fluid during the drilling cpeccadLon with 
15 the aid of sieves, e.g. the so-called shale shakers. 

Preferably the enc^sulating polymer content of the 
drilling fluid is in the range frou 0,1 to 10 g/Utre. Exanples 
of suitable encapsulating polymers are l^drolyzed polyacrylamide,- 
polyanionic oellulosi& and heteropolysacchari<fe. 
20 A vecy much preferred encgpsulating polymer to be arjr^ to 

the presort drilling fluid is a heteippolysaocharide obtained 
from Pseudcnonas sp. NOB 11592, known by its registered trade 
name ShellfloHS. 

ate drillii^ fluid acoording to the inwaition nr^jt^^ 
25 basically a certain class of organic polycationic polyners. The 
polymers have a molecular wei^t betwem 5x10^ and 15x10^. 

IST/ suitablie method of applTcation can te used in vi&a of 
this disclosure^ Bie essential feature is contact between the 
clay particles to be treated and the polymar-<xaitaining carrier 
30 fluid. A preferred carrier fluid is water or an aqueous nedia. 
The water can contain otiier ingrediaits %*iUto do not substan- 
tially interfere witJi dispersion or dissolution of the polymer 
in the media* The water carrier in^ be gelled or thickened for 
certain applications. Sudi ingredients or additives can include 



salts, miiieral acids, low molecular weight organic acids 
catimic or nonixmic surfactants (anionic surfactants can be 
used vd.tii a mutual solvast) or wetting agents. The organic 
polycationw poljper dKwld be present in the carrier fluid in a 
conoentratiaa within the range of about 10 to 5000 ppn wt of 
organic polycationic poLynecic coagulant and/or fiooculant. 

^ or higher coticentcations can be used but are generally not 
practical. 

A preferred aqueous carrier fluid is a salijie solution 
containing about 0-40% salt up to about saturation liMts at the 
afpLLcable temperature, Uie preferred salt concentraUon is 
about 2-12% tY weight; however, concentrations up to about 35% 
can be used, as «eU as fresh water. The salt can be an alkali 
metal salt, aUcaline earth inatal salt, armoiium salt or catbi- 
nations thereof. Ibese include the haUdes, sulphates, 
carbonates, addes or coabinations thereof. Tbs t^ti^^ of 
potassium, sodium, magnesium, calcium, zinc and ocabinations 
thereof are preferred due to ecooomics and' solubility. Cdn- 
ventional additives sudi as iidiibibors/ surfectants, coupling 
agents, wetting agaies and others can be used where desirable 
and especially where the organic polycationic polyner is used 
with oa^timal tireatnEOt ^feoedures, -Bie drilling fluid 

preferably contains salts or acids whicii will shrink or pwvent 
swelling. 

When oil and gas wells are cased, it is necessary to 
perferate the casing or to drill out a section of open hole 
belo» the casing in order to oanplete the weU and start produc- 
tam, A hazard in this well ocapletion cparation is that the 

the permeabiUty hPni.„se it- 



often rushes into the fonnaUon when it is cpened vp, ibe weU 
can be oonpleted as an t^,en hole, or ty gerfbrating using shaped 
cAarges or buUets. As a oortponent in the corapletion fluid, 
organic polycationic polymers have a purpose of preventiiig 
damage to permeabUi^ should pressure in the well be higher 
than formation pressure and the well fluids enter the formation. 



20 
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The organic polycationic polymers present in the cJrilling 
fluid accxsrdang to this Im&iQoa, can generally be casnsidered 
quaternary polymers with nitroga or pl»sphorous as the 
quaternary or cationic atom with an aliphatic, cycloaliphatic or 
5 aromatic chain. Trivalent or tertiary sulphur can substitute for 
the quaternary nitrogen or phosphorous in the polymers. Ihe 
caticmic atan to carbcai atan ratio is preferably about 1:2 to 
1:36 and the molecular weight is above about 1,000. Escanples of 
these polycationic polymers include polyethyleneamines, poly- 
10 vinsrlpyridinium salts, or polyallylannrmium salts. 

Pref«red organic polycatiaiic polyners of this invention 
can be characterized and illustrated by the following f onraala 
and exanpXes. 

? 

15 is an Qcgemix: aliphatic, cycloaliphatic, or atoaatic 

radical containing 2-40 cazbon atoms or a l^drogen >-ai^t«^fti and 
wbetx is cycloaliphatic Z and Rj can be in the ring; 

Hj, R3 and are ocganic radicals independently defined as 
cxsEitaining 0-6 carixsi atoms and 0-2 acygen or nitrogen atoms; 
wben is cfyoloaHphatic itaaQrorinaynotbSlntfte organic 
polycationic polyner diain; vhea 

2 is suipiwr is not presait; ' 
Z is a cation such as those derived from nitrogen, 
phoephorous or sulphur; 
25 X is an anion such as halide, nitrate, sulphate, hi- 

su2|fcate, carbonate, hswaroidde, borates, addes azides, cyamidea, 
ptosphates, etc.; 

n is an integer equal to the nuobar of raaacn»r units in titte 
polymer required to give a molecular weight in the range of 
30 about ^sHr - laao^; 
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m is an integer equal to the number of anions required to 
maintain electronic neutrality, 

mie organic or tq^arocarteft radicals can be linear, branched 
or cycloaUphatic radicals, arunatic radicals, unsaturated 
radicals, substituted radicals or ccnbinations thereof. The 
organic radicals can be hamoalifiiatic at hefeeioaliphatic, i.e. 
nay orniay not contain other atoms such as oxygen or nitrogen! 
•The organic radicals can be hanocyclic or heterocycUc, i.e., 
may or inair not cxsntain other atoms such as oa^gen or nitrogen. 
Thus, the organic radicals can be substituted or unsubstituted 
alJqrl, aryl or oonijinations thereof with each radical having 
(MO and preferably 0-6 carbcsi atans. 

above class of organic polycationic polymers can be 
divided into tare following preferred subclasses: 



15 A. Aim P& lvcationte SelvnECT 



4 
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V 



is a divalent nonnal car branched chain aU^lene group 
containing 2-40 carbon abotns, preferable range 2-12 carbon 



^ is contnined with R^} 
R3 is normal or branched aUcyi or l^^drogen containing 0-6 
carbon atoms and preferably 1-3 carbon atoms; 

be identical to 83, e.g., Rjrroethyl and R4=prcRri. „hen Z is 
25 sJilphuE is not. present; 

Z is a cation sudi as those derived frcro nitrogen, 
phosphorous, or sulphur; 
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X is an anion sudi as halide, nitrate, sulphate, hydroxide, 

etc? 

n is an integer equal to the nurdber of inonamer units in the 
polymar required to give a rolecular weight in the range of 
about 5x10^ - 15x10^; and 

m is an integi^ eqial to the nuitber of anions required to 
naintain electronic neutrality. 

One preferred grocp of this subclass is applied in a 
cafrior fluid at a jfi gr p at p r than ibout 4, e^)ecially in the 
range of about 5-9, In another preferred group when Z is 
nitrogen, at least one of and is not hydrogen, roeUyl, 
ethyl or pit^l* 

B, Hetero flllphfltic Bolygafcionic PDlyners 

. '^4 Jn 

Rj^ is arylane, aUylene, axylaUsyloier alkylaiylene, 

alkenylfiue or oatibinations thereof. When is alkyl it cxantalns 
ca: has qsjanded ca^ or mare latero atmiB or groi^js. When is 
aryl, or allqrlaryl it can contain or have ^jpended cne or nore 
hetero atoms or grotps. can ba noimal-hetero-allqri or it can 
b a brancai e d eicfc o naively t hr oog h Lhe liB U im-at CBS~or^£^^."7HB~" 



hBteEO-atonB or gpca?>s ngy be ethylenic (KSKH-, acetylenic 
(-CSO), aryl, or nitrogen pho^iiorous, or suIeAxut in regular 
oovalent bonding, partiaUy oscidized, e.g. , sulphcoB, or in the 
onium state, other hetero atons or groins ney be o^gen, 
hjnarooQrl, carbaiiyl, or covalent halogen. With the e>Bc^>ti<a» of 
ethylenic, or aryl, a hetero aton or group is not bended 
directly to Z. 



B2 is an unsubstituted aUcj^l or it can be defined as R. but 
it is not requited to be identical to R^. can be included in 

B3 can be alkjrl containing l-€ carbon atatis, hydrogen or it 
5 can be defined as a inonovalfint fcm of R, but it is not sequired 
to be identical to Bj . 

R4 can be defined as but it is not required to be 
Identical to R3. When 2 is suli*ur is not present, 
z is a cation such as those derived from nitrogen, 

10 phosphorous or sulphur. 

X is an anion sudi as halide, nitrate, sulphate, l^dradde 

etc. 

n is an integer equal to the nuitiber of nonorer units in the 
polymer required to give a polymer v<ith a rolecular weight In 
15 the range of about 5x10^ - 15x10^. 

m is an integer equal to the nunber of anions required to 
maintain electronic neutrality. 

The polymar can brandi through R^, R^, R3, or R in such 
manner that the main poljaer chain is an arbitrary choice and 
Rj/ R3, and R^ are arbitcary choices around any particular 

z« 

A typical branciied polymer is shown as followst 

f2 fz k 

7^ ?2 ?2 . 
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Bie anions are omitted for clarity 
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C. Bolycadbanic Polymers Oontaining Rings 
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Rj^ is alfc^lene, unsaturated aUylene^ substituted alkyl- 
ene, or substituted unsaturated aU^lene fbrndng a heterocyclic 
ring including Z. !Ihe heterocyclic ring can be aliphatic, 
olef inic or aromatic dep^idirg on tJie deg r ee of unsaturationo 
&ibstitutions casi be alkyl, aUcenyl, alkyjiyl, or aryl branches 
or substitutions can be hetero atoms or hetero groips containsa 
in the ring^ appended to the ring, or appended to the branches. 
Hetero atoms or grcxps can be phos03orous or sulphur (in 
regular oovalent, .onium or oaddized state^ e,g* phos^te or 
sulphone) , nitrogen, OKygen, hydroxyl, carbonylr or oovalertt 
halogen, a restriction being that the hetero atcm or gtotp is 
not bOTded directly to Z. 

^2 is included in 

is a hs^drogien radical or an organi c radical containing 
1-6 carbon atonss and 0-2 ooq^ or nitrogen atcns. In the ca^ 
of certain aryl polycationic polymers, vdth noi io mfai^ units banded 
tbrou^ Z and elseuhere on the aryl, nay be absento 

Is deaned tj3fe,gams as but Is nrrt- myixod-^be 

identical with Rjo When Z is sulphar is absent. 

Z is a cation such as those derived from nitrogen, phos- 
pterous or sulphur* 

X is an ani<ai such as telldte, nitrate, solphate, l^droodde, 

etCo 

n is an int^er eqoal to the mncbar of nranomer units in the 
polynET required to give a polymer with a molecular wei^t in 
the range of about 5x10^ - 15x10^. 



U I / OH 

m is an integer equal to the number of anions required to 
maintain electronic neutrality. 

Bonds oomfcaijiing itionaner units nia^ be throu^ z, ot±er hetero 
atcas, (1 or 2 sites) , or branches on R^. 

5 D»_Pendent Polvcationic Ralvners 
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R4-2-R2 
L ^ Jn 

can be aUqrlene, alkBr^lene, alltynylene, aiylaie, and 
linkages or branches of these in osribinations. can contain 
hafcero atacos car groups in the pendent linkage, on branch cdiains, 
OR or in the polymer linkage. B&sesfo atons or groups can be 
phos^nrous or sul^ftur (in regular oovalent, onium, or partially 
oKidiaed stat», e.g., sulphone), nitrogen qaeygai, l^^atojcyi, 
carboiyl, or covaleat halogen, a restriction being that the 
hetero atom or group is not banded directly to Z. Kje pendent 
linkage can range fixm a sinple bond to branch of semi 
atone long connecting 2 to the polyntar diain. 

Rj, R3 and can be defined independently as alkyl, 
altenyl, aryl or conbonations tiieraof or can be lQ«3rogan, except 
that they unlike are not in tte polyner chain. When R2 is 
aryl including Z In a heterocyclic ring and/or when Z is sulphur 
R3 or may not exist, 

Z is a oatl a n . ffl i nh as tho s e dwirl wd ni t ro ge n, j i tos" 



phorus, or sulphur, in one preferred class not nnre than two of 
the three R groins can be hydrogen. In another preferred class 
when is aryl and contains nitrogen, the.aryl ring has at 
least one substituent or contains one other hetero atom or 



groip 
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X is an anion such as halicfe, nitrate^ sulphate, hydroxide, 

etc. 

n is an integer equal to the nunber of nononer units in the 
polymer required to give a polymer with a molecular wei^t in 
the range of about 5x10^ - 6x10^. 

m is an integer equal to the nurriDer of anions required to 
nedntain electronic neutrality. 

The following are exanples of the preferred polycationic 
polymer classes having r^^eating polyner units such as those 
illustrated below* 

(1) where 2 is sulj4iur, a sulphonium polyniar 




and one escanple is derived fixm the xnanarrer 
HjC^CacJOjaHjCHjS (012)201, poly-2-acryl0Qq^thirld3iBStiQrl- 
sulfonitsndilaride; Rj=2-^GryloKyetliyl, Rj^inetlyl^ R^* 
TBSf&f^, R^=nc9a-e>dstent, and 3&*chloride* 

The above f ormul a and R groups show a polymer \i4ieEeln the R 

groups are not hydrogen. 

(2) id^asce Z is pho^ihorous, a ^tospbcnimi polymer 



and an exarrple irmomer is 



U I / O 4 



A 

CM - CHjP (C^Hg) 3a, 

caye^ltribatylptosEiotimichlor^^ R^^glycidyl, lL=butyl, 

Rj^tayl, R^MDutyl, and X is chloride; . 
The sbove exanple shows a poiyinsr wherein the cation z is 
pendent and not In the palyner dialn and at least three of the R 
graxps are the same. 

<3) .^lere z is nitrogen, quaternary amnonium polymers; 
(3a) integral alJ^l guataczaxy, enaiple polyuBrt 



L^ci- 



n 



^ J 



exanple polymers 



ci 



73 



N •-CH2-CS2- N"^- CH2C3I2-CH2-CH2— 



I 



the condensation product of N,n,n' ,N'-tetranetiiylethylene- 

dianine and l,4-aicdilo(robctfcane. 
ThB above eyaBgri - es s how r nlyme rs whoroin the R -^rot^-gre-not — 
hydrogen; vterein the catim Z is in the polymer chain and in 
the second exanple is also in one of the R groups, wherein two 
of the R groups arethesameandtwooftheR groups are dif- 
f aent ; and wherein at least two of the R groins are linear 
aliphatic radicals with not itore than one and/or two different 
radicals in the polyner chain. 
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{3b) Integral quaternary in cyclic ring, example polyrter: 




the co n de n s at ian pxoSuct of 4-<ihIorcp y r i diney 
(3c) integral alJqrl, aryl quaternary, exanple polymers 



d 




the ooodensaticn prexauct of l-{4-iyrid^l)-3-chloroprcpane; 
aaoOaex exaii|)le polvcisrt 



Cl 



w 



Cl 

Jn 



ti» onmaensa t i oi paxjduct of pyrazine and l,2-etiyl6ne 
fiirhloriaeg 



The above exanples show polymers with ooe or noce cationic Z 
groins in the polynier daaisi and in an aBonatic r«<^4<"»^l ^ddi is 
10 also in the polymer chain with two different R radicals which 
are also in the polymer chain. Thus, the exanples ^low hetero- 
cyclic arcaaatic and linear R groips which are In the polymer 
chain. 



u 



(3d) Pendent alkyi quaternary, exanple polymer: 



'OH \^ 



CH^ CH 



1^ C3I 0S0 = 



,N 



n 



pc%viiiy'ltriaiettTy'latioUtiti nethjrlsoijteite. 
The above exanple shows a polymer with a penfient cationic 2 
radical and pendent R groups which are the sane but different 
frcm the R graap in the polymer chain; thus, z and three of the 
R gxxxpa are not in tije polyiter dudn. 
(3e) Pendent quaternary on cyclic baddxme, exanple polymer: 




Ihe above exanple shows a polymer vdth aranatic and hefaero- 
radicals in the polymer chain, a pendent caticxdis Z 
three R gxcaps vhidn. are aliiiiatic and not hydrogen or not in 
the polymer chain. 

(3f) Pendant quaternary on carfxscyclic rujg, exanple polymer: 



O 

I 2 

H3C-N-CH3 

CBLj 



a" 



Ji n 
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(3g) Pendent quaternary nitrogen m polyinsthacrylate backbone, 
exanple pol:yiDer: 



f3 



oo 

I 

0 



CI 



CH, 



I,-CH3 

OH 



I 

N 

I 



10 



chloride) . 

The above exanple ^jows different R grotps with one in the 
polymer diain and three alijiiatic R grou^ with one oontaioing a 
cationic 2 groj^> and hetero atoms which are not in the polyraer 
dtssdjn. 

Another exanple polymer: 





-O^— CH ■ 

OO 






CB3 cHj ca3__ 


n 
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poly(acrylandde-3-prDEyltriitBthylairmaiiu^ 
The above escaitple shews a poiysssr with pendent R groups and 
cations ^*ich are not in the polymer chain, aliphatic R groups 
with one In the polymer <±ain, and a pendent group containing 
hetero atcans and more than one Z gcoap. 
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(3h) aatemary nitrogen in padent heterocyclic ring, exatple 
polymers: 





LI CH3 



n 



poly^4-viiyl-N-inBttylpyridin^ 
The above f omniLa shews a polymer with a pendent hetero aranatic 
5 radical ^ch is also a caticnic radical and ttey are not in tiie 
organic polycationic polyiiEr djain. 

(31) Heteroc^ndic ring containing quaternary nitrogen, exaicple 



polyxnarss 



CH 



H3C 




n 



— pCH^CH 






pDlymer of diallyldiitiBthylartEnoniifflc^ 
10 ThB sSa^fB fozsulae shea; a pendent Z cation and pgnK^rrt alipiiatic 
R groups with at least two of the R groups having the same 
xnsrber of carixxn stcssm and with two R groqps having the same 
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ntttdber of carbon atxams aw3 being- linear aliphatic radicals ixi 
the polymer chain. The fontailae also show heterocyclic aliphatic 
groups in tte polyrasor dhain «*£lcit also have pendent portions. 
The above classes and svbclasses of polycationic polyners 
5 can be substantially linear or hranchedo Exanples (3a) , (3b) and 
{3c) can be considered sub stan t i ally limar polymers. Exattples 
(1) r (2) , (3d) , (3e) , (3f) , {3g) , (3h) and (3i) can be considered 
branched. These exanples show branching throiigfx at least one 
organic ra dical such as exanples (1) , (2) ^ {3d) r (3e) r Of) r 
IQ (3g) i (3h) and (3i) and through a cation radical sudi as acaople 
(3a). iOso exanples (3d), (3e), (3f), (3g)^ (3h) and (3i) can be 
considered to have branching throu^ pendent caticn radicals or 
hetero grocps. 

1b& drilling fltiid according to the invention can be 
15 used as ocapletion fluid or workover fluid. 

1S» following exanple serves to illustrate various eribodi- 
ments of the inventicxi and enable one skilled in the art to 
practice this invention. 

20 A nunber of f locculants were tested in various ccncen*- 

trations, in soluticais of visoosifiers and fluid-loss reducers. 
Qualitative tests were carried out in measuring cyclinders, 
notings 

- occurrence of f looculation and type of floe 
25 - settling of the floes 

- turbidity of the supernatant. 
-^"inasuits-of"^se"t^ts^v^^ 

of flooculants* The best perfomdng flooculants were used for 
further testing. Suspensions were flocculated and moderately 
30 shea£ed by hot rolling or peddle stirring for tswo hou^. Sifij^ 
quently the floes were sieved off and dried/ and the recovery 
determined. Ttests were ctons in soluticais of single additives and 
mixed solutims of visoosifiers and fluid-loss reducers. 



10 



15 



The effect of f locculant and shale fines concentration Vfas 
extensively evaluated in Shellflo-S solutions (Shellflo-S is a 
regist^ed traSe niark> . A nunfcer of tests was carried out to 
aarpare tiie effect of flocculants in fresh wat^ and KCI, NaCl 
and Cadj solutions, containing Shellflo-S. 

The cxnasined effect of esjcs^sulating aai f loccoiating 
polymers was investigated in suspensions of shale fines and 
cuttings. 

in all tests diqsrsed, flocculated or enci^sulated shale 
was removed fron the suspension over either 150 or 180 m sieves 
and the fraction retained on the sieves was determined. 

In the flocculant depletieai tests, the thus obtained 
filtrate v;as again used as flocculating mud. 

The shale used in all tests, either as fines or cuttings, 
is Pierxe shale, an otttcrpp material from Utah (U.S.A.) . Table 1 
shows the coapositian of this shale. Table 2 sunmarises all 
flocculants used with suppliers and, if known, a description of 
their cfaanioa l .nature. 

In liable 3, a sumaary is given of all loud additives used, 
agaia also aenticning sc^pUers and dtmiffSl OflB^ositions. 

Table 4 shows the results of tests on tdie oosiiJatibility of 
flnncn la nt s ascA co»|ulants, with Slid ad J l LL ves . InccBipatibilifrir 
(ppKapitation) with sems of the raid additives is considered to 
be too risly for a chemical to be incorporated in drilling 
25 fluids that will be used on a routine basis. 

TaOale 5 gives the results of measuring cylincter f locculation 
tests. It shows which vud additive/flocculant oontoinatians are 
able to flocculate a Pierre ^hale suspensicn and whidh are not. 
The anionic flocculant SS-lOO (hydrolysed polyacrylamide) 
30 s&ows a poor parfonnax^oe. 

From Table 5 can be concluded that the catianic XZ-86243 
parforms very well. 

Table 6 shews the recovery of Pierre shale f-inoe over 100 
meah sieves. The main conclusion from these results is that a 
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significant iitpcopisffisnt in solids renewal cart be attained hy 
addition of a cationic hi^ molecular weic^t flooculant. 

Table 7 sho^ the results of flooculation tests in various 
fluids. Since it yma known in this stage that anionic polyners 
perform poorly^ they were excludai froa this test series^ More 
cationic polysners were included instead, 

*aie presence of salts alone^ did not cause flocculation. 
The S&ift c^iclusiais are:^ 

Ohe l^j (»®?<50,000) and (50,000<?^<500,000) rolecular 

wei^ flooculants (C 581, P^P.CJ show a poor performance 
in all solutions. High mol^ailar veic^ (5xlO^<MW<15xlO^) 
is clearly reqpiired for effective solids removal 
in^iKCOvezDSRt* 

The nalco flooculants 4625, 4725 and 4780, althou^ used in 

ooabination vdth an activator are ineffective in fresh 

water but perform well to excellent in brineso 

For \2se in drilling operations XZ-86243 is preferred for 

fresh water systems; Nalco 4625 and 4780 (and perhaps 

others from this product series) for bgji^ and €"-420 for 

both . 

TetilB 8 shows the effect of the f locculant oonoentration on 
solids renoval for C-420, X2-86243 and Ifalco 4625* C-420 is 
effective^ in the v*iole range frani 10 to 1000 ppm wt; X2-86243 
shows increasing perfocmanoe with increasing concentratian. The 
water content of the retained fines clearly increases with 
flooculant concentration for the two effective products. This 
infuuiidtion is-xjf-particiilar relevance for soUd waste disposal, 

Variation of the fines coitoit from Col to 5.0% w/v had no 
^ect CBCi recoverieso Mdition of 500 ppni C-^0 and XZ-86243 to 
Shellflx>-S/Pierxe shale suspensicms alw^s resulted in a 
movery between 90 and 100%« 

In most tests viscosities of solutions with and without 
flooculant were measured and also the viscosity of the filtrate. 
AdditiOT of up to 500 ppn flooculant always caused a sli^t 



change in rtjeology, but never more than aEpcajcimately t 5%. The 
viscosity of the filtrates was generaUy IcjwBr than that of the 
initial mud, but always wittttn a range of ^proKimately 10%. 
Talcing the hi^ solids load artd normal adsorption of polymeric 
5 wd addiUves into account, this value is according to expec- 
tation. 

TablB 9 shows the results of conbined application of 
cutting enc^jsulators and flooculants on fines and cutting 
recxwexy. Clearly no snta^anifftic effect occars between the two. 

10 Again XZ-86243 shows to be a very effective flocculant and 
Shellflo-s and SS-100 exoellent cutting inhibitors. 

laale 10 shows the results of the triaxial tests c.f . 

E)arley, H.C.H., °h Laboratory Investigation of Borehole 
Stahllity" J. Pat. Hedti,, July 1969, 883-893 AIB4E, 246. The 

15 cationic flooculattt XZ-86243 is clearly shown to be inert as far 
as bordiaLe stability is concerned. 



"SMILE 1 - Ocngiosition of Pierre shale 



fraction < 2 unu 53.6% (» cDay content) 





Ocanposition of the clay fractim 




inantxtDrillcffiite 
mixied layers 
xlUte 
chlorite 
kaolinlte 


40% w/w 
0 " 

50 " 
5 

5 - 
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'EftBI^ 3 - Description of naad aA3itives 





' — ■ — 
Description 


Floogel 


starch 


bcaouLose 


subtly carboxylated starch 


CMC 


carbcxy loethyl cellulose 


HBC 


hydroxy ethyl cellulose 


Drispac 


polyanionic cellulose 


Shellflo-S 


polysaccharide (suocinoglycan) 



4 - Results of imaa additives/flocculant aST^HMI lty 







floocalant/coagglant 




mjd additive 


SS-100 




XZ-86243 


Stabilose (10) 
W3Z (4) 
CSC-HW (10) 
ShallflD^S (1) 
SS-im (2) 
Drispac (10) 


+ 
+ 

4- 


+ 
+ 
+ 


4- 

4- 
+ 
4- 
4- 















* betwe^ brackets: mud additive concentration in g/litre 

+s con^tible 
- floccolants ^^ere tested in 10, 100 and 1000 ppm wt 

cxmcentraticns . 
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raKEJ. - Flocculating efficiency of various f locculants -in 
mud additive sr>lirt-inr. q (roeasuring cylinder test^ 





flooculant (500 ppm wt) 


Med additive 


SS-100 


CP-35 


XZ-86243 




(anionic) 


(cationic) 


(cationic) 


Water 


+ 


+ 


+ 


Stabilose (10)* 








PlocsgeL (10) 


+ 






CKT-HV (10) 








OC-LV (10) 






+ 


HOC (1) 








Drispac (5) 








aiMfio-s (1) 






+ 



+ « flocculating 

* = not flocculating 

* Betaaeen hracitets: cc^centration in g/litre 



TARTJ: 6 Recxyvery of Pierre shale fines by means of flocculants 





B3E0CWERY (%) OVER 100 mesh SIEVE 


nuu cKlOl.uJLVe 


no Claoculairt 


XZ-ao243 

500 ppm wb 


* 


36 


78 


Flocgel (1) 


26 


65 


C3C:-Hv (1) 


27 


99 


CMC-^LV (1) 


26 


97 


Drispac (0.5) 


46 


98 


f 1 in #A "f V 

Enorflo^ {0<1) 


41 


96 


BEC (0.4) 


88 


93 


Slabilose (1)1 

'. »* 
QC-HV (1) J 


38 


83 



* » between brackets: cxssncentratioai in % w/w, 

* « flooculant ocxioentration = 100 ppa wt 

fines concentratian 40 g/1 
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^CABEE 10 - The effect of the catianic flocculant XZ-86243 
an borehole stability in a reoonstituteci Pierre 
shale sairple ^ 



Acbiitive 


Erosion 


Fedlure time 


Pailuxe t^pe 




(%) 


imn) 






17 


599 


collapse 


XZ-86243 (0.2«) 


19 


705 


n 


XZ-86243 (0.2%) 4- 








RCl (10%> 


5 


no f ailxire 


no failure 



OGfifining pressure! 225 bar.^ 

base mud: 10 g/1 OC-LV (low^iscosity carfxacyraethyloelliilose) + 
10 g/1 ajC-BV (hic^visoosity carbasqiiBti^lcelliilose) 
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CLAIMS 

1. A drilling fluid carprising: 

a) at least cane polymeric viscx)sif ier 

b) at least cm polymeric fluid loss reducer 

c> at least csne hi^ iaolectilar ^^t organic polycaticxiic 
polymeric coagulant and/or f locculant. 

2. A drilling fluid as claimed in claim 1 in which fron 1 to 
50 g polymeric viaxtsifier is present per litre of drilling 
fluid, 

3* A drilling fluid as claijned in ar^ one of the preceding 
claims in ^*iidi frcm 1 to 50 g polyaaeric fluid loss reducer is 
present per litre drilling fluid. 

A dtilling fluid as rrTffiTffi^ ia argr one of the pE^OK^ng 
claims in v?hic4i frort 10 to 5000 ppnt wt of ki^ irolecaLar wi^ 
organic polycaticnic polymeric coagulant and/or f locculant is 
pcesent* 

5. A drilling fluid as clained in any one of the preceding 
claims in whidi at least one encapsulating polymer is present. 

6. A drilling fluid as claimed in claim 5, in \«hich &oni 0.1 
to 10 g m capsula t ing polymer is present per litre of drilling 
fluid. 

7. A drilling fluid as clained in claitn 1^ substantially as 
described hereinbefore with ^jecial reference to the Exanple. 

~87 Anproc^s~f^'~^iIIihg7^^ 

in an underground formation in vAiicii process a drilling fluid as 
claifiisd in aany one or more of the preceding claims is 
circulated. 



